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In the training school for medical technologist, "Information Science" lS Set aS a Specialty subject because it
is one of the fields ln the government licenslng eXamlnatlOn. As a series of studleS On reViewlng the contents
of the class making a connection With basic education, students'mtereStS and knowledge requlrementS in the lil
ccnslng eXamlnatlOn have been investlgated so far･ In the present study, knowledge and techniques Of lnformat-
ics recognlZed as essential by actlng teChnologlStS in clinical testlng laboratorleS Were investlgated･ Answers
for questionnaire Investigation from 78 facilitleS ln Miyagl Prefecture were analyzed･
In general, actlng teChnologlStS COnSidered that extensive knowledge of informatlCS IS necessary for the
clinlCal examlnation service. Knowledge and techniques directly related to routine operatlOn Were naturally
recognized asin'dispensable. On the other hand, they had flexibility to leave the matters concerning hardware
or system to the specialized engineers. There seemed to be a little difference in recognltion from question set-
tlngS ln llCenSlng eXamination･ The literacy for uslng Spreadsheet and presentation software was considered to
be essential. MoreoveHhe necesslty Of practical abillty in the statistical work was strongly polnted out･ Not
only the operational sklll, Common sense such as document format was also requested･ It will be useful for the
students to introduce these results, to clarify the purpose of their study, that is, the situatlOn Of inbrmatics in
medlCal sclenCeS, and improvlng their motlVation.
medicine, such as microbiology, physiology, serology,
Introduction chemistry, pathology, as well as medicalenglneer-
In the Japanese government licensing examinal lng. Among them, severalquestions are taken from
tion for medical technologist, the questions are informatics and therefore, "Information Science" is
asked from extended fields related to laboratory set as a specialty subjectinthe curriculum at most
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of the trainlng SChools for medical technologlSt, in
addition to basic education curriculum. In recent
years, the students are very familiar to PC operation
and network utilization, since they have used PC
and network at elementary and junior high school
education, their home, or sometimes uslng mObile-
phone and game machines. "Information Science"
is now a compulsory subject in high school curricu-
lum. Furthermore, the informatics is one of the
essential subjects in basic education at most univer-
sities. Thus, the students have enough chance to
acquire basic knowledge and techniques of informat-
lCSl･2).
Nevertheless, rudimentary knowledge of the stu-
dents at the beginnlng Of the specialty class is not
satisfactory. The lack of knowledge at the entrance
to the college has been also reported3~5)･ One of the
reasons for this contradictory phenomenon may be
that the students are not realized the necessity Of
informatics in laboratory medicine and consequently
questions are set in the licenslng examination. In
the previous study, it was clarified that the students
were doubtful of their own knowledge learnt so far
in high school and general education6)･ They
wanted to review and confirm their understandings
in the specialty class. A contrivance is needed to
make students realize the necesslty Of informatics in
the future profession7).
The contents of the specialty subject should pay
attention to the settlng questions in the licenslng
examination. Previously, the author has analyzed
the characteristics of settlng questions in the licens-
ing eXaminationn. The setting Of questions has
been reflectlng the changes in the information tech-
nology and environment. It was shown that the
entire item listed in the guideline has not been asked
in the actual examinations, and particular toplCS
were frequently asked. However, Some of such
items were questionable whether the knowledge is
really needed for the actual management of clinical
laboratory. Along with the rapid progress in infor-
mation technology and environment, such knowl-
edge does not seem to be always needed for "infor-
mation consumers".
The raison d'e'tre for setting questions on infor-
matics in the licenslng examination is that the
knowledge and techniques are necessary for the
actual service in clinical laboratory testlng. In this
respect, the education stressed on how to handle
and process the acquired data should be glVen. In
the present study, knowledge and techniques of
informatics recognized as essential by actlng tech-
nologists in clinical laboratories were investlgated to
consider the difference among the recognition by the
laboratories, students, and settlng question of licens-
lng examination.
Methods
Questionnaire survey was performed under the
cooperation of MiyagiAssociation of MedicalTech-
nologlStS. A questionnaire sheet was sent to 162
facilities or their departments in Miyagl Prefecture,
that the members were working, lnCluding hospltal,
clinical laboratory testlng and health checkup corpo-
ration, administrative office, educational and
research institutes. For example, several research
laboratories in Tohoku Universlty Were included in
addition to Department of Clinical Laboratory of the
University HospltaL
One arbitrary representative of each facility filled
in the answer sheet. The respondent was asked to
classify the listed items into 4 rating scales ; from
"indispensable" through "rather necessary" and
"rather unnecessary" to "no need", based on the
point of view in clinical testlng Service. In the mat-
ter of rudimentary knowledge, the items were the
main toplCS Of informatics picked up ln the present
class and frequently asked in the licenslng examina-
tion. They consisted of each 13 items that related
to PC including basic theory (binary digits, logical
operation, hardware, software, interface etc) and that
concernlng network and hospltal information sys-
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tens. These toplCS Were the same as the previous
investlgation6) asking the students their inter-
ests. In addition, the respondent was asked for free
comments if he/she had other topics recognizing
essential in laboratory service. Regarding the lit-
eracy, the survey was carried out in the same man-
ner. The question items were main operational
techniques in word processor, spreadsheet and pre-
sentation applications that seemed relatlng tO daily
examination service, research and academic activi-
ties. They consisted of the same techniques as
listed in the previous investlgation targetlng the stu-
dents.
A question on type and informational environment
of the facility was also asked, since the network con-
dition could have some influence on the recognト
tion. The facilities were eventually classified into
five as listed on Table 1 : hospital and clinic with
intersectional network (between laboratory and out-
patient service, ward or pharmacy etc ; i･e･ hospltal
information system), hospital and clinic with intra-
sectional network (only within the laboratory), clini-
cal laboratory testlng and health checkup corpora-
tions with well-set up network, facilities with poor
network setting, and others (e.g･ educational,
research, administrative). This classification is





















Using mainframe, programmlng Was lndispensable to computer user
Introduction of checking and accountlng System into the hospltals
Operation and management of auto-analyzers
Fouhdlng Of intra-sectionalnetwork
System wlth host computer and terminals
Startlmg popularization of computers by general users
Program edition on the screen
Total hospltalinformation system - ordering system, intersectional network I
Founding of the Internet
Appearance of GUI (Macintosh)
PopularizatlOn Of network system
Popular享zation of PC (DOS~CUI)
PopularlZation of computer use in research laboratorleS
popularlZation of connectlng Internet by academic, adminlStrative and corporations - creat-
ing local Web site
communlCation and sharing information between hospltals uslng network
Employment of GUI by Windows





fundamentally according to the network environ-
ment. However,･the hospitals were divided into
two according to the size (inter- or intra-sectional
network) while corporations has no medical section
other than clinicaltestlng. Therefore, these facili-
ties with well-set up network were separately.
grouped. Similarly, Other facilities not engaglng ln
actual medical treatment were separately grouped.
Respondents arbitrarily judged the network condi-
tion based on such as computerization of routine
task. In the same respect, respondent's generation
was also requested based on the social envimnment
of infわrmation at their school days learnlng labora-
tory medicine. The criteria are summarized on
Table 2.
Kruska1-Wallis test was used for analysュs Of the
difference of ratings among the facility types and
respondent generations, employing Statce12 add-in
program9) on Microsoft Excel㊨. Aクーvalue of <0.05
















The answers are from 78 facilities (collection rate
48.1%), and the types of facilities are summarized in
Table 1. Only three facilities other than engaglng
medical treatment, such as educational, research or
administrative replied. Therefore, it can be reason-
able to consider the obtained data as reflecting the
recognltlOn by acting technologists in clinical testing
laboratorie s.
Information technology has made remarkable
advance in these decades. In 1970S, knowledge of
programmlng Was essential for information process-
ing using computers･ The people who process the
data had to write program by oneself. Today, vari-
ous application programs are commercially avail-
able. Consequently, skill of programming lS not
always necessary for the "information consum-
ers". Therefore, the author had expected that
technologists in the laboratory recognlZe Such toplCS
necessary unnecessary no need
0　　　20　　　40　　　60　　　80　　1 00
(%)
Figure 1. Necessary knowledge of informatics recognized by medical technologists in clinical laboratories
(1). Topics concerning PC and basic theory.
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as rather unnecessary.
Contrary to this expectation, most of the ques-
tioned matters were glVen high ratings as indispens-
able or necessary. Concemlng rudimentaryknowl-
edge of PC and basictheory (Fig. 1),theunderstandings
of OS, Software and file format were the toplCS
strongly recognized as necessary, the rate of respon-
dents judged as indispensable reached to
40%. Interface, CPU, memory devices were the
items even with highnecessity. It is quite natural
that these matters directly related with actual labo-
ratory service were well recognized as essential. The
calculation of binary and hexadecimal notation,flow-
chart symbols, RAM/ROM are the topics with a high
rate request that students wanted to learn in the
class according to the previous investigation6)･ Five
basic devices are one of the questions asked in the
licensing examinationswith high丘equency8). con-
trarily, the necessities of these matters recognized
by the laboratory technologlStS Were rather low A















Order entry by end users
tives.
In the topics regarding the network technology
and systems, the rate assumed to be indispensable
was generally high (Fig. 2). The matters related to
the infわrmation security as well as hospital informa-
tion systems were especially recognized with high
rate of indispensability. This is reasonable when
considered the information environment in recent
years. Additionally, the obligation of the medical
staffs to keep patients'secrets may bealso reflected.
These items agreed with the tendency of setting
questions in licenslng eXaminatiom
On the other hand, knowledge of protocol and
packeトswitched data transmission were recognized
with relatively lower ratings. Among the basic
matters, programmlng and languages,flowchart
symbols, and character code were glVen Similar
evaluations. According to the comments from
respondents, there seemed to be a posture that the
technologists leave the matters concerning hard-
ware or system to specialized englneerS. One hos-
necessary unnecessary no need
0　　　20　　　40　　　60　　　80　　1 00
(%)
Figllre 2. Necessary knowledge of informatics recognized by medical technologlStS in clinical laboratories
(2). Tわpics concerning network and hospital infomation system.
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pital declared that system englneerS are in resi-
dence.Another respondent saidthatthe teclmologists
need the ability to judge whether the trouble comes
from software or hardware cause. Similar result
was observed in the topics relating information
security. Theknowledge of network security and
computer virus (both topics in Fig. 2) were recog-
nized as indispensable by 70% of the respondents
and nearly loo鞄 when included the rank of neces-
sary, while those of the centralized processlng and
distributed computing, batch processing,丘rewall and
proxy were around 40 and 80%, respectively. Such
complementarities, recognlZlng the matters directly
related to routine examination seⅣice as indispens-
able and leave Others to the specialist, is reasonable.
The ratings of the literacy techniques are shown




higherthanthose ofknOwledge mentioned abve. Espe-
cially; almost the whole techniques of spreadsheet
(Excel@, Fig. 3B)and presentation software (Power-
Point@, Fig. 3C) in the questions were rated as indis-
pensable by 60% or more. Regarding document
processlng, the typical complementarities can be
seen between ratings of indispensable and necessary
(Fig. 3A), and every skill was overall recognized as
important. This result indicated that the practical
ability of data processlng lS Strongly requested
besides theknowledge of basic informatics, and this
is the realistic demand.Althoughthe studentsare
familiarwith basic operation of document processor,
Spreadsheet and presentation applications, they do
not always make good use of their potential func-
tions. Such obseⅣation is also reported in other








text fHlhg ln arrangement Of
the obJects order of the objects
Figure 3. Necessary techniques of information literacy recognized by medical technologists in clinicallaborato-
ries. A) Document processing, B) Spreadsheet, C) Presentation. - indispens-
able, - Hrather necessary, -rather unnecessary. A point at the center is "no need". Num-
bers of respondents are shown.
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formance is not reflected in the licenslng examina-
tion and its guideline for setting questions8)･ one
of the reasons is that operation skills in specific
applications are not universaL Additionally･ it
seems to be difficult to evaluate such skillsand set
questions relating to practical data processlng in the
present examination systems･
It is also notable that the necessity of the statisti-
cal processing techniques was pointed out from con-
siderable number of facilities by free description
comments (Table 3). Althoughthe class of statis-
tics is held for the basic education program in our
universityi the students are requested acquisition of
practical data processlng technology not only such a
theoretical knowledge. Students seem to be less
conscious of these needs. This may be also one
side of request for the infomation education･ How-
ever, it seems quite probable that laboratory classes
are more suitable to train students these skills
throughactualand practicaldata processlng ln COllabl
orationwithlaboratory classeslO･11)･ As for the docu-
ment processlng, the common sense such as general





Operation skill of the application (Table 3)･ In addi-
tion to these abilities, many respondents mentioned
about the training for presenting one's own
idea. These comments indicated that conversion of
literacy education h･om operation to representation
techniques is a realistic needll･12)･
The breakdown of the infomational environment
in facilities is listed on Table 1. By comparison of
Table 3. Other abilities recogmized as essential in the












*comments were from 27 facilities in total. Multiple
answers are included.
order entry by end users
.:I:ifi;i-I.-:.;ill-芸:I;:茅等_i-;=tit;ti;;.::-ff.=Il::IIt:-:1-; I-㌔
Figure 4. Comparison of the ratings for the knowledge of "flle format" (left) and "order entry by end users"
(right) by the facilities based on network environment･ Facnities not engaging clinical examination
are not included. All the diuerencesare not statistically signi丘Cant･
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the recognition for the necesslty Of knowledge in
infbrmatics according to the network envimnment, a
clear difference was not observed among the facili-
ties･All the ratings answered by respondents were
analyzed, but the differences were not statistically
signi丘cant (data not shown). Daring to say, clinicaレ
laboratory testing corporations showed a tendency
to glVe a higher ratlng COmparlng tO hospitals. In
these facilities, their business is testing consigned
specimen and report the data to the clients. There-
fore, we can interpret such rating as related to their
business conditions･ For typical examples, Figure
4 shows that respondentsかom testing corporations
gave higher ratings to the topic "fileformat", sug-
gesting lmpOrt叩Ce for data passing between the cli-
ents in their business･ From the same point of
viewン lt agreed with the result that the knowledge of
"ordering systemM and ‖order entry by end usersM
were glVen Slightly lower rating comparlng tO the
hospitals (Fig. 4).
The distribution of respondent's generation and
their criteria is shownintable 2. The classi丘cation
is according to their school days, because it will be
more suitable than the actual age to consider inm1-
ence of the informational environment of the
time･ The classification is set with shorter span-
ning after 1980s because information environment
changed with rapid progress･ In 1970S, computer
technology was introduced and popularized to clini-
cal laboratories followed by individual users. The
respondents in the present suⅣey were evenly dis-
tributed in each generation after the period, and
hence the data obtained in the present study is not
h)m a speci丘c generation･ Statistically significant
difference is neither observed among the genera-
tion The author's impression is that the respon-
dents who had received the education before the
computing began to spread had given higher raト
lngS･ Figure 5 shows an example that the rating for
the topic "character code" is comlng lower and lower
as the generation is more and more recent･ They
might have studied by themselves after their gradu-
ation, along with the development of information
environment. However, these differences are not
statistically signi点cant as mentioned above. Conse-
quently, the recognition of necessity for knowledge
character code
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and techniques in information science is considered
to be common and independent of environment and
generation.
At first, the author forecasted that the ratlng Of
the toplCS directly related to daily routine service
would receive higher ratlngS and those with less
relation such as programmlng and binary notation
would be considered with lower ratlng. Contrary
to the expectation, actlng teChnologlStS COnSidered
that extensive knowledge of informatics is neces-
sary for the clinical examination service, and such
recognltion is universal and independent of environ-
ment and the generation.
Conclusion
lt was demonstrated that extensive knowledge
and techniques of informatics are required for the
clinical examination service as the recognltion by
working technologlStS. There was reasonable shar-
lng that the technologists considered the toplCS
directly relatlng tO their works as indispensable,
while they leave the matters concerning hardware
and the system to the specialized englneerS. More-
over, necessity Of practical literacy skills for docu-
ment processlng, representation, and statistical
works were strongly pointed out. It will be useful
for the students to introduce these results, to clarify
the purpose of the study, that lS, the situation of
informatics in medical sciences, and improvlng their
motivation.
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